INTRODUCTION {#sec1-1}
============

Despite advances in trauma care, uncontrolled bleeding remains a major challenge, accounting for approximately 40% of trauma-related deaths, and it is usually caused by a combination of coagulopathy and vascular injury.\[[@ref1][@ref2][@ref3][@ref4]\] Two different treatment modalities have been advocated to address a persistent hemodynamic instability due to vascular injury. One modality is angiography with embolization controlling arterial haemorrhage. The other modality is exploratory laparotomy and surgical packing, which through indirect tamponade stops venous and, to some extent, arterial bleeding.

The overall frequency of simultaneous intra-abdominal injuries and unstable pelvic fracture is reported as high as 67%.\[[@ref5][@ref6][@ref7]\] In patients with both retroperitoneal bleeding from pelvic fractures and free bleeding into the intraperitoneal space, the optimal treatment strategy remains controversial.\[[@ref5][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13]\] Moreover, it is difficult to compare the effectiveness of embolization and surgical packing, mainly because the published reports included patient cohorts with differences in the severity and complexity of injuries.

The purpose of this study was to compare 30-day mortality and blood product consumption in trauma patients with active arterial hemorrhage in the abdominal and/or pelvic region treated with either angiography and embolization or explorative laparotomy and surgical packing.

MATERIALS AND METHODS {#sec1-2}
=====================

This observational study consisted of a cohort of trauma patients admitted to the Level I Trauma Centre of Rigshospitalet Copenhagen University Hospital, Copenhagen, Denmark, from January 1, 2006, to December 31, 2011. Data were derived from patient records and the trauma audit and research network (TARN) database consisting of prospective data on trauma patients primarily admitted to the Trauma Centre or who had a total length of stay of at least 72 h, who were secondarily referred to the Trauma Centre from other hospitals, who were admitted to Intensive Care Unit regardless of length of stay, or who died in the hospital. Patients above 15 years of age in the TARN database were eligible for inclusion if the Injury Severity Score (ISS)\[[@ref14]\] was 9 or more, abdominal and/or pelvic lesions with computerized tomography (CT) scan verified active arterial bleeding was present, and the patient underwent either arteriography and embolization or exploratory laparotomy and surgical packing. Patients without the Danish civil registration number were excluded because it was not possible to follow-up. Active arterial bleeding was defined as contrast blush beyond the borders of organs.

Routinely, trauma patients in our facility underwent clinical and radiographic examination on initial admission to the emergency room according to the advanced trauma life support guidelines.\[[@ref15]\] Anteroposterior chest and pelvic radiographs were obtained and focused assessment with sonography for trauma (FAST) examination was performed. Unstable patients suffering from pelvic fracture had a pelvic sling applied before hospitalization or upon arrival to the emergency room. Volume resuscitation was applied according to the Copenhagen concept by Johansson,\[[@ref16]\] involving an early administration of plasma and platelet concentrates (each pooled from four blood donors) in a balanced administration of blood products (unit-for-unit ratio) and goal-directed hemostatic control resuscitation based on the results of the thromboelastography analysis as early as possible. When hemodynamic stability permits radiographic workup, CT was performed using a specific trauma protocol on a multi-slice helical CT scanner. A nonionic iodine-based contrast agent in a dose of 100 ml (350 mg iodine/ml) was injected intravenously with a flow of 3 ml/s. The scan delay was 55 s aiming at the early venous phase. Axial, coronal, and sagittal soft-tissue reconstructions were performed with a slice thickness of 3 mm. Oral contrast agents were not used. Embolization was only possible from 8 a.m. to 11 p.m.

The anesthesiologist was the team leader and decided, in consultation with the surgeons, whether to proceed with either arteriography and embolization or explorative laparotomy and surgical packing. This decision was made on an individual basis depending on which other injuries the patient might have. Standard endovascular techniques via arterial access to one of the two common femoral arteries were used for angiography and embolization. All patients underwent selective catheterization and digital subtraction angiography to identify the arterial bleeding sites. Embolization materials such as coils, particles, gelatin sponge, or vascular plugs were used on an individual basis. The laparotomies were performed using midline incisions and damage control principles.\[[@ref17]\] The pelvic injury was stabilized with temporary external fixation with pins either supraacetabular or in the iliac wing, and pelvic packing performed through a Pfannenstiel incision or elongation of the laparotomy incision.

The following parameters were retrieved from TARN database and patients records: gender, age, initial oxygen saturation, pulse rate and respiratory rate in the emergency room, mechanism of injury, ISS, probability of survival (Ps),\[[@ref18]\] treatment strategy (either arteriography and embolization or explorative laparotomy and surgical packing), initial arterial gas values from admission to the emergency room (pH, hemoglobin, pCO~2~, pO~2~, base deficit, and lactate), and units and type of blood products (packed red blood cells, fresh frozen plasma, and pooled thrombocytes) infused. Survival status was obtained from the Danish Civil Registration System. In Denmark, all citizens and foreign residents can be traced via their unique civil registration number.\[[@ref19]\]

The primary outcome was 30-day mortality, and the secondary outcome measures were units of transfused blood products after 6 h, after 24 h, and the total amount during hospitalization.

The sample size was determined based on the comparison of the primary endpoint of death at 30 days between patients undergoing angiography and embolization or explorative laparotomy and surgical packing. Based on previously published data,\[[@ref20][@ref21]\] we estimated the 30-day mortality to be 33% in the surgical group and 10% in the embolization group. With a power of 80% at the 5% level of significance, a sample size of 50 patients in each subgroup was needed for the primary comparison of death at 30 days.

Ethics {#sec2-1}
------

The study was approved by the Danish Data Protection Agency (j. nr: 2007-58-0015) and the Danish Health and Medicines Authority (j. nr: 3-3013-861/1).

Statistics {#sec2-2}
----------

Normality test, by probit plots, showed that age and ISS were normally distributed. Thus, data are presented as a mean with standard deviation in brackets. Arterial gas values, Ps, and units of blood products were not normally distributed; hence, they are presented as a median with range in brackets.

*T*-tests were used for continuous data that were normally distributed and Mann--Whitney test for nonparametric data. Chi-squared test was used for categorical data.

Since we found a marginal difference in 30-day mortality between patients receiving embolization and exploratory laparotomy, a logistic regression analysis was repeated adjusting for age and ISS.

All statistical analyses were performed with the STATA^®^ Version 13.0 statistical software (StataCorp LP, College Station, TX, USA). A significance level of *P* \< 0.05 was chosen for all comparisons.

RESULTS {#sec1-3}
=======

In total, 2,107 of 2,173 trauma patients with an ISS \>9 admitted during the study period were excluded, thus 66 patients met the inclusion criteria \[[Figure 1](#F1){ref-type="fig"}\]. Of these, 31 received arteriography and embolization and 35 underwent exploratory laparotomy and surgical packing.. Most of the patients included suffered from a blunt trauma \[[Table 1](#T1){ref-type="table"}\].

![Patients above 15 years were eligible for inclusion if the Injury Severity Score was 9 or more, the patient had abdominal and/or pelvic lesions with computerized tomography scan verified active arterial bleeding and underwent either arteriography and embolization or exploratory laparotomy and surgical packing](JETS-9-107-g001){#F1}

###### 

Trauma patients (*n*=66) with active abdominal and/or pelvic arterial hemorrhage receiving either arteriography and embolization or explorative laparotomy and surgical packing

![](JETS-9-107-g002)

Gender, age, ISS, and Ps are shown in [Table 1](#T1){ref-type="table"}. There was no statistically significant difference between the two subgroups regarding initial oxygen saturation, pulse rate, and respiratory rate in the emergency room (data not shown), demonstrating comparable patients group.

An overview of injuries and ISS in the two subgroups is presented in Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}. Twenty-seven of 31 patients (87%) who underwent embolization and 29 of 35 (83%) who underwent surgical packing were severely injured, with an ISS \>15.\[[@ref14]\]

###### 

Overview of patients undergoing angiography and embolization. Abdominal and pelvic lesions are specified as well as additional injuries' Injury Severity Score are shown

![](JETS-9-107-g003)

###### 

Overview of patients undergoing exploratory laparotomy and surgical packing. Abdominal and pelvic lesions are specified as well as additional injuries' Injury Severity Score are shown

![](JETS-9-107-g004)

The 30-day mortality rate of patients undergoing embolization was 10% (3/31) compared with 26% (9/35) for patients being packed (*P* = 0.09). A logistic regression analysis adjusting for age and ISS showed a more than 9-fold increased risk of mortality in patients undergoing surgical packing compared to embolization (*P* = 0.04, odds ratio 9.4, 95% confidence interval 1.2.--75.7).

In patients who underwent surgical packing, more units of packed red blood cells, fresh frozen plasma, and pooled thrombocytes were transfused within the first 6 h, first 24 h, and the total amount during their hospital stay compared with patients embolized. However, these differences were not statistically significant \[[Table 4](#T4){ref-type="table"}\].

###### 

The number of blood products applied in the first 6 h, first 24 h, and the total amount during hospitalization is presented as a median with a minimum and a maximum in brackets. Each unit of thrombocytes was pooled from four blood donors

![](JETS-9-107-g005)

Initial arterial gas values were available in a subgroup of 20 patients undergoing embolization and 27 patients undergoing surgical packing. There was no significant difference in gender, age, ISS, or Ps between the two subgroups (data not shown) or we did not find any significant differences in initial pH, hemoglobin, pCO~2~, pO~2~, base deficit, and lactate values between the two subgroups \[[Table 5](#T5){ref-type="table"}\]. In both groups, pH and base deficit were decreased and lactate, pCO~2~, and pO~2~ were increased compared to normal values. There was no statistically significant difference between the two subgroups regarding the number of blood products applied or mortality (data not shown).

###### 

For 47 patients, arterial gas values from the emergency room were present

![](JETS-9-107-g006)

DISCUSSION {#sec1-4}
==========

This study found a statistical significant increased risk of 30-day mortality in patients with active bleeding treated with explorative laparotomy and surgical packing compared to angiography and embolization when data were adjusted for age and ISS. No statistically significant difference was found in number of transfused blood products applied in the two groups of patients.

The management of solid organ injuries has shifted during the last 30 years from operative to nonoperative management strategies.\[[@ref22]\] Nowadays, embolization is widely accepted as an option for hemodynamically stable patients with organ injuries and evidence of active contrast extravasation on CT scan as long as peritonitis or other indications for laparotomy do not exist.\[[@ref23]\] However, experienced trauma centers are broadening their criteria to include patients who are also hypotensive.\[[@ref7][@ref24]\] In pelvic fractures, the presacral venous plexus, cancellous surfaces of the fractures pelvic bones, and ruptured branches of the iliac vessels, in any combination, constitute the main source of intrapelvic hemorrhage.\[[@ref8]\] Exsanguination is the most common cause of death among trauma patients and whether the optimal treatment strategy is arteriography and embolization or laparotomy and surgical packing is still debated. Some authors consider embolization to be the optimal method for controlling arterial hemorrhage, thereby allowing the tamponade of the hematoma to control venous bleeding,\[[@ref8][@ref9][@ref10][@ref11]\] whereas others prefer laparotomy and packing.\[[@ref5][@ref12][@ref13]\] Recent studies have been unable to measure a difference in mortality between surgical packing and angiographic intervention.\[[@ref20][@ref21][@ref25]\]

Active hemorrhage can be diagnosed by CT scan on the basis of increased radiodensity compared with surrounding tissue, resulting from the extravasation of intravascular contrast agent. This has proven an accurate indicator of on-going arterial hemorrhage.\[[@ref26][@ref27]\] Velmahos *et al*.\[[@ref28]\] reported angiographic embolization effective in 95% of patients with major pelvic fractures or solid visceral organ injuries. This is supported by previous studies finding arterial hemorrhage arising from pelvic fracture\[[@ref8][@ref20][@ref29][@ref30][@ref31][@ref32][@ref33][@ref34]\] and solid organ injuries\[[@ref22][@ref35][@ref36][@ref37][@ref38][@ref39][@ref40]\] amenable to management with angiography and embolization. Disadvantages to angiography are the transportation of a severely injured patient to the angiography suite and the availability of a skilled interventional radiologist and associated technical staff. However, hybrid suites are increasingly implemented in trauma centers to avoid transportation for endovascular procedures. Moreover, a previous study of patients suffering from abdominal and pelvic trauma\[[@ref41]\] described the incidence of contrast-induced nephropathy to be 24% after angiography and embolization, 11% of the patients developed renal failure, 19% had organ-specific complications, and 15% had rebleeding.

Compared with angiography, surgical packing is a more invasive procedure. However, some prefer laparotomy and surgical packing because it is ideal when angiography is unavailable. In addition, it is up to four times faster than angiography and embolization\[[@ref13]\] and the patient can rapidly undergo additional procedures in the operating room such as external fixation of extremity fractures.\[[@ref5][@ref12][@ref13]\] However, up to 60% of patients suffer from postoperative infection, abscess, hernia, and fistula after acute laparotomy.\[[@ref42][@ref43]\]

In the present study, 30-day mortality was chosen as an endpoint because this has proved to be an appropriate period analyzing trauma-related death.\[[@ref44]\] The overall 30-day mortality rate of our study was 18% (12/66), which is in accordance with previous studies.\[[@ref21][@ref45][@ref46]\] Adjusting for age and ISS, an increased risk of 30-day mortality was found (*P* = 0.04) in patients undergoing surgical packing compared with patients undergoing embolization.

In patients who underwent surgical packing, more units of packed red blood cells, fresh frozen plasma, and pooled thrombocytes were transfused within the first 6 h, first 24 h, and the total amount during the hospital stay compared with patients embolized. However, the difference was not statistically significant. This was in contrast to Osborn *et al*.,\[[@ref21]\] who found a decreased need for blood transfusion in a group of patients with pelvic ring injuries undergoing surgical packing compared to a group undergoing angiography. In a study by Osborn *et al*.,\[[@ref21]\] unstable patients with abdominal bleeding confirmed by either diagnostic lavage or FAST underwent laparotomy and surgical packing whereas unstable patients without bleeding confirmed by FAST had angiography. Ten of twenty patients in Osborn's study underwent embolization for bleeding pelvic arterial lesions and three underwent embolization for nonbleeding pelvic arteries. In the remaining seven cases, no active pelvic arterial bleeding was identified and embolization was not performed. Hence, patients in the two groups might have been biased. In the present study, only patients with active arterial bleeding verified by CT were included. Moreover, all patients evaluated by angiography were also embolized. This may explain the different conclusions.

There are several strengths of our study. First, all patients included had active extravasation on CT and had a standardized resuscitation regimen\[[@ref16]\] applied throughout the study period. Second, the amount and type of blood products applied for each patient were known, as well as the point of time the products were used. Third, TARN data are collected prospectively, and finally, we were able to follow-up all patients due to the unique civil registration number. The weaknesses of our study include the small number of patients, which may limit the findings and increase the potential risk of a Type II error. In a *post hoc* analysis of our data (mortality 26% vs. 10%), we found that more than 180 patients would have been needed to detect a significant difference, which was more than twice the number of patients in our study (66 patients). Different anesthesiologists and surgeons were responsible for deciding which treatment the patient should undergo, and access to embolization was limited. Hence, treatment might be biased. However, there were no differences in gender, age, initial oxygen saturation, pulse rate and respiratory rate, ISS, Ps, and initial arterial gas values between the group undergoing arteriography and embolization compared with the group undergoing laparotomy and surgical packing. Thus, it seems that the patients included in this study were comparable between the two groups according to gender, age, and severity of trauma. According to Tay *et al*.,\[[@ref47]\] 4% of ISS scores are misclassified; hence, we might have excluded patients who met the inclusion criteria and vice versa. Moreover, this study is observational and causality cannot be determined as in a randomized controlled trial.

CONCLUSION {#sec1-5}
==========

A significant increased risk of 30-day mortality (*P* = 0.04) was found in patients with active bleeding treated with explorative laparotomy and surgical packing compared to angiography and embolization when data were adjusted for age and ISS. No statistically significant difference was found in number of transfused blood products applied in the two groups of patients.
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